Genomic patterns of cytosine methylation at the C5 position play key roles in the organization and control of mammalian chromatin (reviewed in refs 1-3). Mammalian DNA methyltransferases (MTases) all contain a C-terminal catalytic region that is structurally and functionally homologous to bacterial MTases. The eukaryotic DNA MTases have been grouped into three families based on (i) distinctive properties of their N-terminal regions and (ii) intriguing differences in DNA substrate preferences. The first eukaryotic DNA MTase, Dnmt1, contains a large N-terminal regulatory region of ∼1,000 amino acids and shows a preference for hemimethylated DNA in vitro 4-6 . Dnmt2, a relatively small protein, contains only the MTase domain, and its function is still unclear 7 . Recombinant Dnmt3 acts on unmethylated and hemimethylated DNA at equal rates in vitro 8, 9 .
Genomic patterns of cytosine methylation at the C5 position play key roles in the organization and control of mammalian chromatin (reviewed in refs 1-3). Mammalian DNA methyltransferases (MTases) all contain a C-terminal catalytic region that is structurally and functionally homologous to bacterial MTases. The eukaryotic DNA MTases have been grouped into three families based on (i) distinctive properties of their N-terminal regions and (ii) intriguing differences in DNA substrate preferences. The first eukaryotic DNA MTase, Dnmt1, contains a large N-terminal regulatory region of ∼1,000 amino acids and shows a preference for hemimethylated DNA in vitro [4] [5] [6] . Dnmt2, a relatively small protein, contains only the MTase domain, and its function is still unclear 7 . Recombinant Dnmt3 acts on unmethylated and hemimethylated DNA at equal rates in vitro 8, 9 .
The task of dissecting the functional roles of the N-terminal region of the different MTase families is just beginning. These regions vary widely in size and are probably responsible for the diverse biological functions of eukaryotic DNA MTases. These functions include the normal development of animals 10, 11 and plants [12] [13] [14] via effects on gene repression 15 , X-chromosome inactivation 16 , genomic imprinting 17 and replication timing 18 .
The Dnmt3 family consists of at least two members, Dnmt3a and Dnmt3b 8, 19 , which are both essential. Inactivation of both Dnmt3a and Dnmt3b abolishes de novo methylation in mouse embryos. Dnmt3a knockout mice died four weeks after birth, whereas disrupting Dnmt3b caused embryonic lethality. Dnmt3a and Dnmt3b exhibit nonoverlapping functions in development, with Dnmt3b specifically required for methylation of centromeric minor satellite repeats 11 . Human ICF (immunodeficiency, centromere instability and facial anomalies) syndrome, which is accompanied by hypomethylation of classical satellite DNA, has been linked to mutations in the C-terminal catalytic domain of DNMT3B 20 . In addition, DNMT3B plays a role in different forms of cancer 19, [21] [22] [23] ; its expression level is correlated with the methylation stage of the p15 INK4B tumor suppressor gene in acute myelogenous leukemia 24 . As with Dnmt1, Dnmt3a and Dnmt3b repress transcription in a methylation-independent manner 25 , primarily through association with the histone deacetylase HDAC1 (ref. 26 ) using its Cys-rich domain, which contains six CXXC repeats.
No previous structural analysis of the N-terminal regions of any mammalian DNA MTases has been done. Here we present the structure of an amino-proximal PWWP domain of mouse Dnmt3b2 (residues 223-357). Dnmt3b2, an isoform resulting from alternative splicing of the Dnmt3b gene 8, 19 , is active in vitro 27 . Although the importance of individual isoforms is unclear, all of the isoforms (3b1-3b5) 21 are the same in the 223-357 range -this is, all isoforms have the PWWP domain. We show here that this region of Dnmt3b comprises a globular domain with a five-stranded β-barrel followed by a five-helix bundle. We find that structural orthologs of this 135-amino acid domain are present in >60 eukaryotic proteins, most of which contain known chromatin-association domains. For Dnmt3b2, the PWWP domain is shown to mediate DNA binding in vitro.
Dnmt3 contains a PWWP domain
The sequences of Dnmt3 orthologs have been determined from human and mouse. They all contain an N-terminal variable region (∼280 amino acids in Dnmt3a and ∼220 amino acids in Dnmt3b), followed by three stretches of conserved regions: the PWWP motif, six repeats of a CXXC motif and a set of 10 motifs conserved among DNA MTase catalytic regions (Fig. 1a) . The PWWP motif 28 was first identified in a gene family related to the hepatoma-derived growth factor (HDGF) 29 and WHSC1 genes (Wolf-Hirschhorn Syndrome Candidate) 30 . The corresponding sequence in Dnmt3 is SWWP (Fig. 1b) ; only the last two posi-tions of the motif (WP) are invariant among the large number of sequences examined (see below). However, for reasons of consistency, we retained the PWWP nomenclature 28 .
To define the Dnmt3b PWWP-containing domain for crystallography, we performed limited proteolysis (see Methods) on a truncated Dnmt3b2 protein named ∆218 (consisting of amino acids 219-839). Trypsin digestion of ∆218 resulted in a stable fragment, which mass spectrometry revealed to comprise amino acids 219-365; this region includes the entirety of the conserved PWWP motif.
Dnmt3b PWWP domain structure
The mouse Dnmt3b2 PWWP domain (residues 219-365) was overexpressed as an N-terminal His 6 -fusion protein in Escherichia coli grown in the presence of selenomethionine (SeMet) (see Methods). Crystals of the His-tagged, SeMetlabeled Dnmt3b2 PWWP domain formed in the P6 5 22 space group. Electron density maps were calculated using three-wavelength selenium data from multiwavelength anomalous diffraction (Table 1) . A model consisting of residues 223-357 of Dnmt3b2 was built and refined to 1.8 Å resolution, with a crystallographic R-factor of 0.19 and R free value of 0.23.
The structure of Dnmt3b can be divided into β-barrel and helical-bundle substructures (Fig. 2a) . The N-terminal β-barrel structure consists of five antiparallel strands (β1-β5), with two short 3 10 -helices (αA and αB) between strands β2 and β3, and strands β4 and β5, respectively. The C-terminal helical bundle includes five helices (αC-αG), with a single strand (β6) between helices αE and αF. The SWWP motif is part of the β-barrel but is located at the interface of the two substructures. Ser 244 of the PWWP domain is immediately before strand β2, whereas the Trp doublet and the Pro are part of β2. The loop following strand β6 has a seven-residue insertion in Dnmt3a (Fig. 1b) , which is the only major difference within the PWWP domain between Dnmt3a and Dnmt3b.
The PWWP domain contains 19 basic residues (5 Arg and 14 Lys residues) scattered throughout the entire 135 amino acids, with a calculated isoelectric point of 9.6. A surface area of ∼45 × 32 Å 2 , enriched with basic residues (Fig. 2b) , is surrounded ∼270°by the positive electrostatic potential within the contours of 2 KT e -1 (Fig. 2c) . This characteristic surface feature suggests that the positively charged surface of the PWWP domain may interact with negatively charged molecules such as DNA. The longest length (∼45 Å) of the domain and the dimensions of positive potential could span ∼12 base pairs of DNA. Opposite to this positive surface, there are two localized negatively charged patches -one formed by the negative charges from the β-barrel (mostly from the N-terminus) and the other from the helical bundle (helix αF) (Fig. 2c) .
The PWWP domain of Dnmt3b binds to DNA Based on analysis of the structure, we characterized the functional role of the PWWP domain in Dnmt3b2. We compared DNA binding of two Dnmt3b2 truncations with and without the PWWP domain -∆218 (deleting the N-terminal 218 residues) and ∆369 (deleting the N-terminal 369 residues, including the PWWP domain) -using a nitrocellulose filter-binding assay. The PWWP-containing ∆218 or the PWWP domain alone binds DNA better than PWWP-lacking ∆369 (Fig. 3a) . To confirm the nitrocellulose binding data, a gel mobility shift assay shows that b Fig. 1 Dnmt3 MTase family. a, Schematic representation of the Dnmt3 family. The amino acid sequences of Dnmt3a and Dnmt3b are highly conserved with respect to one another in the PWWP domain, CXXC domain and C-terminal MTase domain. In contrast, the N-terminal variable domain differs substantially between these two proteins. The alternative splice site in Dnmt3b1 that generates 3b2 is indicated by a triangle. Below the fulllength Dnmt3b2 (WT) are the depicted protein fragments (∆218, ∆369, PWWP and CXXC) and the SDS-PAGE gels (right) of the recombinant proteins used throughout this study. b, Sequence alignment of Dnmt3 PWWP domains. The prefix M indicates mouse; H, human; and Zf, zebrafish. The mouse Dnmt3b residue numbering is shown above the sequences, with the secondary structure elements (numbers for strands and letters for α-helices). The highlighted amino acids are either invariant (cyan) or similar (yellow). The SWWP motif is colored in magenta. In zebrafish, there are three partial sequences for Dnmt3 orthologs. Two ESTs (expressed sequence tags) contain only the N-terminal region, including the PWWP domain: AW305577 is more similar to Dnmt3a, whereas BG307263 is more similar to Dnmt3b. The third EST (AAD32631) has a C-terminal portion (CXXC and MTase domains) that shares similarity to the corresponding portion of mammalian Dnmt3 family. However, its N-terminal PWWP domain deviates significantly from the sequences, including eight positively charged (blue) and three negatively charged residues (red), resulting in a pI of 6.3. a the PWWP domain alone binds DNA (data not shown). The calculated dissociation constant, K d , of the protein-DNA complex is ∼8 and 230 nM for ∆218 and the PWWP domain alone, respectively (Fig. 3b) . As a negative control, the CXXC domain of Dnmt3b2 does not bind DNA at all. This domain shares sequence similarity with the ATRX protein and associates with other proteins, the histone deacetylase HDAC1 and transcriptional repressor RP58 (refs 25,26) .
We further investigated methyl transfer activity of various Dnmt3b2 fragments (Fig. 3c) . Wild type and two large protein fragments (∆218 and ∆369) are equally active on unmethylated (CpG) and hemimethylated (hemi-CpG) oligonucleotide substrates, demonstrating that removing the first 369 amino acids does not affect in vitro CpG-methylating activity on naked oligonucleotide DNA. However, the PWWP domain thought to be involved in heterochromatin association 25 could conceivably affect activity on chromatin in vivo. Indeed, mutations within the corresponding PWWP domain of Dnmt3a abolish its association with heterochromatin (T. Chen and E. Li, pers. comm.). Non-CpG methylation has been observed for Dnmt3a 9, 27, 31 . Wild type Dnmt3b2 and ∆218 have some activities on non-CpG-containing oligonucleotides that contain CpA and CpT sites. However, it is puzzling that the ∆369 protein loses the ability to methylate nonCpG site because recognition of methylating target is thought to be mediated entirely by the C-terminal MTase domain. As a positive control, Dnmt1 has ∼10-fold higher activity on hemimethylated than unmethylated CpG-containing DNA 5, 6, 32 . The methyl transfer activity of Dnmt3b2 observed here is equivalent to that of Dnmt1 on unmethylated DNA -that is, ∼10% of Dnmt1 activity on hemimethylated DNA -comparable to previous reports 8 . In contrast to Dnmt3a and Dnmt3b, Dnmt1 has no detectable activity on non-CpG DNA.
Structural similarity with other proteins
A DALI 33 search using the PWWP domain revealed no Protein Data Bank entries with structural similarity with the entire domain. However, the five-stranded β-barrel structure of the PWWP domain resembles that of the SAND domain (named after Sp100, AIRE-1, NucP41/75 and DEAF-1) 34 and the SMN (survival of motor neuron) Tudor domain 35 . The SAND domain is present in many proteins linked to chromatin-dependent transcriptional regulation. The SAND domain folds into a fivestranded, twisted antiparallel β-sheet, with four α-helices from three different regions between the strands packing against the The SWWP motif is colored in magenta. In the crystal packing contacts, strand β6 from one molecule interacts with strand β4, which is the edge strand of the β-sheet (4 3 2 1 5), of a neighboring molecule through backbone-backbone hydrogen bonds in an antiparallel arrangement. b, Molecular surface and charge distribution. The view is oriented similarly to that in (a). The surface is colored according to charge: positively charged groups (Arg and Lys) are blue, negatively charged groups (Glu and Asp) are red and uncharged groups are white. c, Contours of the electrostatic potential at ±2 KT e -1 calculated and displayed in two orientations as a mesh surface. The positive potential is shown in blue, and the negative potential in red. Panels (b,c) were done using GRASP 50 . (Fig. 4a) . The SAND domains were also demonstrated to bind DNA 34 . Unlike the SAND domain, the PWWP domain has a five-helix bundle from the contiguous region immediately following the β-sheet that is packed on the opposite side of the β-sheet (Fig. 4a ). Despite such a difference, the two domains exhibit similar structure in the β-barrel and are unrelated to any other DNA-binding protein of known structure. Our finding that the PWWP domain alone binds DNA suggests that PWWP domains also define a new family of DNA-binding fold. The Tudor domain contains only five strands that are remarkably similar to the β-barrel of PWWP domain (Fig. 4b) . The β-barrel-like Tudor domain has a negatively charged surface that interacts with the C-terminal Arg-Gly-Gly rich tails 35 of the Sm proteins, known substrates of protein arginine methylation. The structure-based sequence alignment revealed noticeable similarity, including the Cys-Ile-Tyr-Pro (CIYP) of SMN1 in the place of SWWP of Dnmt3 (Fig. 4b) . At this point, the implication of the apparent structural similarity between Tudor and PWWP domains is unclear.
A widely distributed PWWP domain
The structure of the PWWP domain offers a rationale for the invariant residues in this domain throughout the Dnmt3 family (Fig. 1b) . The majority of the invariant amino acids are involved in structural packing and intramolecular interactions (Fig. 5) . Both the β-barrel and the helical bundle substructures have their own hydrophobic cores (Fig. 5a,b) . The interface between the two substructures includes interactions mediated by the conserved SWWP motif (Fig. 5c) . Intramolecular polar or charge interactions probably confer additional stability to the molecule (Fig. 5d) . The importance of these intramolecular interactions is supported by the observation that most residues involved are invariant in Dnmt3 orthologs (Fig. 1b) and conserved among a large number of sequences examined (see below), suggesting that the two substructures behave as a single, folded structural module.
Stec et al. 28 analyzed 39 proteins and showed that the PWWP domain spans some 70 amino acids, which corresponds only to our β-barrel substructure. However, the extensive interactions at the interface of the two substructures prompted us to reexamine the distribution of PWWP domains. A BLAST search using Dnmt3b2 PWWP domain as the query found homology with 62 eukaryotic proteins from a variety of organisms (Fig. 6a) . The structure-based multiple sequence alignment revealed three conserved stretches of amino acids, located in β1-loop L12-β2, strand β3-loop L34 and helix αE. These secondary elements are all located at the interface of the two substructures; in particular, the conserved residues in helix αE all face the β-barrel (Fig. 2a) . Two loops are variable in size among the 62 proteins: the loop between helix αA and strand β3 (L-A3) and the loop after strand β5 connecting helix αC (L-5C). In both places, Dnmt3 contains a one-turn 3 10 -helix (αA or αC) that might become a longer helix in other proteins. Thus, we suggest that the other PWWP domain should include both the β-barrel and the helical bundle substructures as a universal feature.
Only about half of the proteins we identify as carrying a PWWP domain offer any form of characterization, mostly only 33 (orange). For clarity, the C-terminal helix of SAND domain is not shown in the superimposition. The structural similarity between the two domains was detected manually. Below is the structure-based sequence alignment between the β-barrel structure of PWWP and SAND. The line between the two sequences indicates the residues used in superimposition. b, Ribbon diagram and stereo view of the superimposition of PWWP (yellow) and the SMN Tudor domain (PDB 1G5V) 34 (orange). The r.m.s. deviation is 0.8 Å when 43 Cα atoms (out of total 56 residues in Tudor) are structurally aligned between the two domains (DALI Z-score of 6.3). The largest difference lies in the loop between strands β2 and β3. In comparison, the five-stranded β-barrel of PWWP is remotely similar to the SH3 structures (DALI Z-score of ∼3.3), a small basic folding unit. The structure-based sequence alignment between the β-barrel structure of PWWP and Tudor is shown below, with the line between the two sequences indicating the residues used in superimposition. a b with a name assigned based on potential functions predicted by sequence similarity (Fig. 6b) . In addition to the PWWP domain (which is present as two copies in WHSC1) 30 , one common feature in the proteins is the presence of known chromatinassociation domain(s), such as the bromodomain, the chromodomain, the SET domain and the Cys-rich zinc-binding domain (Fig. 6b, legend) .
In addition to the mammalian PWWP-containing proteins, one of the Arabidopsis thaliana proteins, AAK01237, is a Drosophila trithorax-like protein that contains a Cys-rich region, similar to the one in Dnmt3, and a SET domain, in addition to the PWWP domain (Fig. 6b) . Notably, the appearance of these domains is in the same order -that is, PWWP, CXXC and MTase/SET domain -in Dnmt3 and the A. thaliana protein. The human ortholog of Drosophila trithorax (known as HRX, ALL1 or MLL) contains a different zinc-binding region (CXXCXXC) that is closely related to those in DNMT1 and MBD1 (a methyl-CpG binding protein) but not Dnmt3. The combination of the PWWP domain and/or the Cys-rich region, DNA MTase domain, SET domain (found in histone H3 lysine MTases) 39, 40 , bromodomain (binding acetylated lysine) 41, 42 or chromodomain (binding methylated lysine) seems to be a common feature in these fairly large proteins. Similarly, the SAND domain-containing proteins contain several modules, including the PHD-like Cys-rich domain (a protein-protein interaction), domains that mediates transcriptional repression and activation, and a chromatin-association domain (bromodomains) 43 .
Summary
We have determined the first structure of a PWWP domain. PWWP domains are found in eukaryotic proteins -from yeast to mammals -involved in DNA methylation, DNA repair and regulation of transcription. However, the exact function of PWWP has remained elusive because many proteins containing this domain have never been characterized. We show here that the PWWP domain of Dnmt3b2 has a basic surface that is probably responsible for its DNA binding. We also demonstrated that the PWWP domain is not required for the CpG-methylating activity in vitro.
Although our structure and in vitro biochemical data suggest that the PWWP domain in Dnmt3b2 is a DNA-binding domain, whether all PWWP-containing proteins would bind DNA is not clear because many of the basic residues in Dnmt3b are not conserved in other members of this family. However, because the majority of PWWP domains (53 out of 62) have a pI value of 8-10, basic residues from locations different than those in Dnmt3b could form a similar basic surface. Consistent with having a universal DNA binding function, PWWP domains have been found, thus far, only in nuclear proteins, some of which bind DNA. , with a His 6 -tag at the N-terminus. The cells were grown at 22 °C or 37 °C (PWWP) in LB medium containing 50 µg ml -1 kanamycin, induced with 0.4 mM isopropyl-β-D-1-thiogalactopyranoside at an OD 600 of 0.8 for 3 h and harvested by centrifugation. The proteins were purified using chelated-nickel, ion-exchange Mono-S or Mono-Q (CXXC) columns and gel filtration columns (Pharmacia) (Fig. 1a) .
Limited proteolysis of Dnmt3b2 ⌬218. Purified Dnmt3b2 ∆218 (18 µg) protein was incubated with 10 ng of trypsin (Sigma; 13,600 units mg -1 ) at room temperature for 40 min. The reaction was stopped with SDS sample buffer or 1 mM phenyl-methyl-sulfonylfluoride. The lower molecular weight sample at ∼20 kDa was isolated on a gel filtration column, and its mass was determined by electrospray ionization mass spectrometry to be 17,764. Oligonucleotides. Oligonucleotides were synthesized by New England Biolabs. Double-stranded oligonucleotides were annealed by mixing equal amounts of complementary strands. In the DNA binding studies, the annealed oligonucleotides were labeled using [γ-32 P]ATP (Amersham) and polynucleotide kinase (New England Biolabs). The oligonucleotides were CpG: 5′-GAAGCTGGGACTTC-CGGGAGGAGAGTGCAA-3′ and 3′-CTTCGACCCTGAAGGCCCTCCTCT-CACGTT-5′; Hemi-CpG: 5′-GAAGCTGGGACTTCCGGGAGGAGAGTG CAA-3′ and 3′-CTTCGACCCTGAAGGMCCTCCTCTCACGTT-5′; MpG: 5′-GAAGCTGGGACTTCMGGGAGGAGAGTGCAA-3′ and 3′-CTTCGAC-CCTGAAGGMCCTCCTCTCACGTT-5′; and non-CpG: 5′-GAAGCTGGGA CTTGGGCCAGGAGAGTGCAA-3′ and 3′-CTTCGACCCTGAACCGGGTC CTCTCACGTT-5′ (M = 5-methyl-cytosine).
Nitrocellulose filter-binding assay. Different amounts of protein (Fig. 3a,b) were incubated with labeled oligonucleotides . WHSC1 is a 136-kDa protein expressed ubiquitously in early development and preferentially in rapidly growing embryonic tissues 30 . BS69 is a 69-kDa nuclear protein that specifically suppresses adenovirus E1A-activated transcription 37 . BR140 shows similarity to a group of transcriptional coactivators, including the TAF250 subunit of TFIID 38 . MSH6 is mammalian MutS homolog essential for DNA mismatch repair 51 , which contains a PWWP domain at its extreme N-terminus. However, msh6 orthologs in S. cerevisiae, C. elegans and A. thaliana do not contain this domain. The fully sequenced C. elegans contains only one PWWP protein, AAB52437; this protein contains an N-terminal PWWP domain and a C-terminal SIR2-like domain. Although the known eukaryotic members of the NAD-dependent protein deacetylase SIR2 family often contains the N-and/or C-terminal extensions outside of a conserved core region, none of these contains a PWWP domain. A CXXC zinc-binding motif is found in the structure of an Archaeoglobus fulgidus SIR2 homolog, which contains a CXXC-X 15-20 -CXXC zinc-binding sequence motif 52 .
(5 nM) in 50 mM Tris-HCl, pH 7.5, and 20 mM NaCl for 30 min at room temperature. The nitrocellulose filter membranes (Protran BA 85, Schleicher & Schuell) was presoaked for 10 min in 0.4 M KOH to reduce retention of free single-stranded DNA and then rinsed in Milli-Q water until the pH returned to neutral. The samples were sucked through the filter membrane and washed four times with 2 ml of 50 mM Tris-HCl, pH 7.5, and 20 mM NaCl, and then washed four times with 2 ml of Milli-Q water. The bound radioactivity was analyzed by liquid scintillation counting. Each point shown was the mean of at least two determinations.
Methyl transfer activity assay. The reaction mixture (20 µl total volume) contained 0.2 µM Dnmt3b2 (purified recombinant proteins: wild type, ∆218, ∆369, PWWP and CXXC), 0.5 µM substrate oligonucleotides and 1 µCi [methyl-3H] AdoMet (78.0 Ci mmol -1 , NEN) in 50 mM Tris-HCl, pH 7.5, and1 mM EDTA. The reactions for each protein and each oligonucleotide were in duplicate. Proteins were preincubated with AdoMet at 37 °C for 20 min, and the reactions were carried out at 37 °C for 1 h after adding DNA. Reactions were stopped by transferring the reaction tubes to an ethanol/dry ice bath and processed by spotting the reaction mix on DE81 paper circles (Whatman). The circles were washed sequentially four times with 2 ml of cold 0.2 M NH 4 HCO 3 , four times with 2 ml of deionized water and once with 1 ml ethanol. The dried circles were subjected to liquid scintillation counting using Cytoscint scintillant.
Crystallography. The Dnmt3b2 PWWP domain (amino acids 219-365) was concentrated to 24 mg ml -1 in 20 mM HEPES, pH 7.0, 200 mM NaCl, 1 mM EDTA and 5% (v/v) glycerol. Crystals were obtained in a hanging drop in 30% (w/v) PEG 8000, 200 mM sodium acetate and 100 mM sodium cacodylate, pH 6.5, at 16 °C. SeMetcontaining derivatives were purified from a methione auxotrophic E. coli strain (B834) grown in the presence of 25 µg ml -1 SeMet. The SeMet protein crystals were obtained under the same conditions as the native crystals.
Complete data sets were collected from a native crystal and a SeMet-labeled crystal ( Table 1 ). The data were processed using the HKL package 44 . There was one molecule per asymmetric unit. Five selenium sites were determined by SOLVE 45 , and RESOLVE 46 was then used to modify the electron density map. The modified map was of excellent quality to place amino acids 223-357 of Dnmt3b2 into the recognizable densities using O 47 (Fig. 5e) . The electron density is not observed for four N-terminal residues 219-222, eight C-terminal residues 358-365 and Phe 243. The resultant model was refined up to 1.8 Å resolution using X-PLOR 48 (with 10% reflections excluded for crossvalidation). The final model includes 1,057 protein atoms and 162 water molecules, with r.m.s. deviations of 0.006 Å and 1.3°from ideality for bond lengths and angles, respectively.
Coordinates. Atomic coordinates have been deposited in the Protein Data Bank (accession code 1KHC). 
